Killer assay. The cells for the assay were grown on killer assay plates for 2 days at 25°C, and then C. glabrata was sprayed over the plates. After incubation at 20°C for 2 days, a clear zone around each S, cerevisiae colony was observed. The specific activity of killer toxin was assayed by the well test method at pH 4.5 as described before. The active fractions were collected, dialyzed against CP buffer, and freeze-dried.
This powder was dissolved in the CP buffer and put on a column of TSK gel G3000SW (Tosoh Co.) equilibrated with the CP buffer containing 0.2m NaCl, and eluted with the same buffer. The active fractions were rechromatographed with TSK gel G3000SW. The active fractions were collected, dialyzed and freeze-dried.
Electrophoresis
of killer toxin. The purified killer toxin was electrophoresed on a 5-20% linear gradient SDS/ polyacrylamide gel1 3) at room temperature, using a vertical slab gel electrophoresis apparatus. After electrophoresis, the gel was stained by a silver staining kit (Wako Co.). The purified killer toxin was chromatographed by the chromatofocusing method using a Rotofor system (BioRad), isoelectric focusing apparatus, with a pH range of Fig. 1 ).
In Table I Nucleotide sequence of the KHSgene Figure 1 shows the sequencing strategy. Protein-coding sequence is given in uppercase letters, the presumed TATAbox is overlined, and the presumed signal peptide is underlined (cleavage site is indicated by arrow). Purification and characterization of KHSkillet toxin A summary of a typical purification procedure is given in Table II . A marked purification efficiency of about 6-fold was obtained by TSK-gel column chromatography. The KHSkiller toxin was further purified 80-fold from the culture medium with a yield oi 0.75% by TSK-gel rechromatography.
The result of TSKgel G3000SW column chromatography indicated that the molecular mass ofKHStoxin was about 75kDain the active form. The purified toxin was examined by SDS/polyacrylamide gel electrophoresis and by reverse phase chromatography (Fig. 3) . A single protein band was observed and its molecular mass was about 75 kDa. Chromatofocusing showed that the isoelectric point of this toxin was between pH 5.2 and 5.4. The optimum pH of killer activity was pH 4 to 4.5.
The activity was stable from pH 2.0 to 5.5, and was unstable above 30°C, being completely inactivated at this temperature by standing for 30min or more. The N-terminal amino acid sequence of the purified toxin was Ala-Pro-XGln-Val-Val (the X residue is an unknown amino acid).
Discussion
In S. cerevisiae, the major genes encoding killer proteins were on dsRNA. The weak killer strains discovered by Kitano et al. were classified into two groups, which differed in their optimum pH and thermostability.
2) The thermostable and unstable killers were designated KHR (filler of /zeat resistant) and KHS, respectively. These killer genes were on the chromosome; the KHRand KHS genes were mapped on the left arm of chromosome IX and the right arm of chromosome V, respectively.4) The characteristics of KHRhave been described.12 ' 16) To characterize the KHSkiller, we cloned the KHSgene and sequenced the nucleotides.
We obtained a yeast transformant overproducing the killer toxin by using a multi-copy vector (Table I ). 
